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(57) [ABSTRACT] 
[SUBJECT] 

It offers an organism attachment inhibitor that shows excellent anti-polluting effect 
over a long period of time in water and is safe to human body as well as shows no 
environmental pollution. 

[MEANS OF SOLUTION] 

An organism attachment inhibitor in which hydrophobic material is compounded 
with a biodegradable resin; and it is the organism attachment inhibitor of which 
contact angle on the surface of said organism attachment inhibitor against water is 80° 
-180°. 

[Note: The term "organism" can be also translated as "biological" and the translator 
opted to use the term "biological" as stated in the Environmental Dictionary and 
Microbiology Dictionary. Translator's note] 



[CLAIMS] 
[CLAIM ITEM 1] 



It is an organism attachment inhibitor in which a hydrophobic material is compounded 
with a biodegradable resin, wherein the contact angle of surface of said organism 
attachment inhibitor against water being 80° ~ 180°. 

[CLAIM ITEM 2] 

The organism attachment inhibitor that is described in the claim item 1, wherein said 
hydrophobic material is noncrystalline silica of which surface is treated to show 
hydrophobicity. 

[CLAIM ITEM 3] 

The organism attachment inhibitor that is described in the claim item 1 or 2, wherein the 
surface of organism attachment inhibitor is treated to be degradable with a degradable 
enzyme. 

[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELDS OF THIS INVENTION] 
This invention relates to a in-water organism attachment inhibitor. 

[0002] 

[PRIOR ART] 

As organism attachment inhibitors that are designed to prevent from attachment of 
marine organisms such as barnacles or purplish Washington clams that become attached 
to suction pipes that are installed in ocean or buoys that remain in constant contact with 
water and the like, metal compounds have been used conventionally. 

[0003] 

As such metal compounds, cuprous oxide, or organic tin compounds and the like are 
known; and in particular, organic tin compounds are widely utilized as effective organism 
attachment inhibitors as they show a strong microbacteriocidal effect and keep marine 
organisms away for long period of time. 

[0004] 

However, organic tin compounds show a strong toxicity; and furthermore, when they 
are released to sea water, degradation by microorganisms does not progress easily to tend 
to cause marine pollution; and as described in the "Nikkei Business issued on April 26, 
1993, page 53 ~ 56", legal control over use of these is currently being emphasized. 

[0005] 

As organic group in-water anti-pollution agents that present no such problems as marine 
pollution, 3-substituted isothiazoline, or triazine derivatives and the like are disclosed in 
the publications of, for instance, Japanese patent applications Tokkai [Kokai] Sho 53 
[1978]-12937, Tokkai Sho 54 [1979]-1 15386, and Tokkai Sho 46 [1971]-35934. 
[0006] 

These organic group in-water anti-pollution agents often remain in a powder form at 
regular temperature; and during their actual use, they are first dissolved in solvents such 
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as methyl ethyl ketone or xylene and the like, and then, resins, plasticizers, or pigments 
and the like are added to be used as coating materials. In addition, in order to maintain 
anti-pol luting effect over a long period of time in water, methods of thick coating or 
increased compounding rate and the like have been used. 

[0007] 

However, thick coating presents problems including limitation placed on the physical 
properties of coating materials such as viscosity and the like, or workability and the like; 
and the method to increase compounding rate presents problems of not being able to 
achieve a long term anti-pollution effect although its anti-pollution effect may be 
improved during initial period of time. In addition, when said compounding rate is 
increased, problem points on environmental pollution has been pointed out from the 
standpoint of long term view. 

[0008] 

In addition, according to the publication of the Japanese patent application Tokkai Hei 4 
[1992]-230201, a in-water antipollution material that shows organism attachment 
inhibiting effect with a single biodegradable resin, and furthermore, anti-polluting active 
substance is included in said biodegradable resin is disclosed. However, effect to prevent 
against attachment by the biodegradable resin alone remains insufficient, and when anti- 
polluting active substance is included, it presents problem point of environmental 
pollution caused by in-water release of said anti-polluting active substance. 

[0009] 

[SUBJECTS SOLVED BY THIS INVENTION] 

Based on above-explained circumstance, purpose of this invention is to offer an 
organism attachment inhibitor that shows excellent anti-polluting effect in water over a 
long period of time, and is safe to human body, and causes no environmental pollution. 

[0010] 

[MEANS USED TO SOLVE THE SUBJECTS] 

The organism attachment inhibitor that is characterized by the fact a hydrophobic 
material is compounded with a biodegradable resin, and it is constituted so that the 
contact angle of the surface of said organism attachment inhibitor against water being 80° 
-180°. 



[0011] 

The contact angle of this invention's organism attachment inhibitor against water is 
limited to 80° ~ 180°. When said contact angle happens to be under 80°C, sufficient 
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hydrophobicity cannot be provided to result in insufficient anti-polluting effect; and 
beyond 180° cannot be realized based on the principle. Furthermore, as illustrated in the 
Figure 1, regarding above-explained contact angle, when a liquid body comes in contact 
on a solid surface, it forms a spherical-shape droplet, and the angle 0 at the contact 
portion of this time is referred to as contact angle. According to this invention, water is 
used as said liquid body to measure the contact angle with the surface of organism 
attachment inhibitor. 

[0012] 

Regarding biodegradable resins that are used in this invention, no particular restrictions 
are placed, and for instance, the biodegradable resins that have been used conventionally 
including aliphatic polyesters such as polycaprolactone, polylactate, polyhydroxy 
butylate, polyhydroxy valerate, polybutylene succinate adipate and the like; polyamides 
such as polyglutaminate, or polycaprolactam and the like; and copolymers of these may 
be used. These biodegradable resins may be used either alone or as more than two types 
jointly. 

[0013] 

Regarding said hydrophobic materials, no particular restrictions are placed, and for 
instance, the ones on which surfaces of various inorganic particles shown below are 
coated with silicone, silane, or paraffin and the like, or the ones that are treated with 
appropriate treatment agent to provide hydrophobicity to the substance itself may be 
used. As above-explained particles, for instance, silica, alumina, magnesia, or fluorine 
group compounds and the like may be mentioned. 

[0014] 

As hydrophobic material, noncrystalline silica that is surface treated to show 
hydrophobicity is particularly favorable. 

[0015] 

Regarding above-explained noncrystalline silica, it is generally referred to as moist 
silicon, wet silica, or synthetic silicate and like; and it is constituted of Si-0 mesh 
structure, and is either noncrystalline or amorphous silica that does not have set crystal 
structure. According to this invention, any of synthetic noncrystalline silica that is 
manufactured through, for instance, a flame hydrolysis method (aerosol method), a dry- 
type method, an Aerogel method, or a wet method and the like, or natural noncrystalline 
silica may be used. In addition, although primary particles are aggregated to become 
secondary particles in some cases, they may be also used in this invention. 



[0016] 

Regarding the method to treat surface of above-explained noncrystalline silica to 
hydrophobic, for instance, surface treatment methods such as coating by wax, or 
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chemical reaction of appropriate silane and OH group on the surface of noncrystalline 
silica and the like may be used to provide alkyl chain on the surface; and it is possible to 
convert OH group on the surface from hydrophilic to hydrophobic through such methods, 
and treatment methods are not particularly restricted. Many of generally commercialized 
hydrophobic noncrystalline silica show their surfaces being converted to hydrophobic 
through chemical reaction with silicon oil, silane, or methyl silyl and the like; and these 
may be also used. 

[0017] 

Compounding rate of above-explained hydrophobic material is 1 - 90 parts by weight, 
or more preferably, 20 - 60 parts by weight based on 100 parts by weight of 
biodegradable resin. When hydrophobic material happens to be under 1 part by weight, 
effect of hydrophobicity remains poor, and when it happens to exceed 90 parts by weight, 
it does not get combined with said biodegradable resin, and becomes difficult to obtain 
organism attachment inhibitor as one piece [body]. 

[0018] 

Surface of above-explained organism attachment inhibitor may be treated to be 
degradable with a degradable enzyme. The degradable enzyme that can be used at this 
time shows no particular restrictions as long as it is the enzyme that can degrade this 
invention's biodegradable resin, and for instance, enzymes that degrade ester bonding 
such as lipase, esterase, or amylase and the like may be used. Regarding the method to 
allow said degradable enzyme to work, a method that directly works degradable enzyme, 
or a method that allows contact microorganism capable of secreting degradable enzyme 
outside of the cell or on cell surface with above-explained inhibitor may be mentioned. 

[0019] 

Through surface treatment of above-explained organism attachment inhibitor by 
working degradable enzyme or degradable microorganism, hydrophobic material may be 
exposed to the surface of inhibitor to display performance of attachment prevention from 
the initial period, and it is more favorable. 

[0020] 
[ACTIONS] 

According to this invention's organism attachment inhibitor, through converting resin 
surface to hydrophobic by exposing hydrophobic material on the surface of 
biodegradable resin, it prevents from attachment of organism such as barnacles, sea 
squirts, or algae and the like in water. In addition, when said resin surface becomes 
polluted by microorganism in sea water, hydrophobicity becomes lost, and although 
gradual organism attachment may occur, new resin surface is formed through degradation 
of biodegradable resin to again expose hydrophobic material to create a state where 
organisms are difficult to attach again to show an excellent pollution prevention effect 
over long period of time. 

[0021] 

[IMPLEMENTAITON FORMATS OF THIS INVENTION] 
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Examples are described below to further explain this invention in details; however, this 
invention should not be limited to these examples only. 

[0022] 

(EXAMPLE 1) 

As a biodegradable resin, polycaprolactone (brand name :Pulakucell H7 [transliteration] 
made by Dicell Kagaku Kogyo K.K.) 100 parts by weight was fused in a 180°C 
plastomill to form hydrophobic noncrystalline silica; and 20 parts by weight of silica that 
was surface treated with dimethyl silicone oil (brand name: Aerosil RY200S 
[transliteration] made by Nihon Aerosil K.K.) was added, and this was kneaded for 5 
minutes at 60 rpm, and then, a hot press molding machine was used to give organism 
attachment inhibitor showing 3 mm thickness. Thus given organism attachment inhibitor 
was punched out to 5 cm x 5 cm to be used as specimens. 

[0023] 

(EXAMPLE 2) 

Specimens were prepared in the same manner as explained in the example 1 by using 
aliphatic polyester (brand name: Pionole #3010 [transliteration] made by Showa Denko 
K.K.) as a biodegradable resin. 

[0024] 

(EXAMPLE 3) 

Specimens were prepared in the same manner as explained in the example 1 by using 
aliphatic polyester (brand name: Pionole #1030 made by Showa Denko K.K.) as a 
biodegradable resin. 

[0025] 

(EXAMPLE 4) 

Specimens were prepared in the same manner as explained in the example 1 by using 
silica that is surface treated with trimethyl silyl group (brand name: Aerosil R812 made 
by Nihon Aerosil K.K.) as a hydrophobic noncrystalline silica. 

[0026] 

(EXAMPLE 5) 

Specimens were prepared in the same manner as explained in the example 1 by 
changing the compounding ratio of hydrophobic noncrystalline silica of the example! to 
50 parts by weight. 



[0027] 

(EXAMPLE 6) 
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An enzyme solution was prepared by diluting enzymerR.arrhizus lipase (made by 
SIGMA K.K.) with a buffer solution (KH 2 P0 4 , PH7); and it was added to the solution in 
which 1 g of surfactant (Polysurf made by Daiichi Kogyo Seiyaku K.K.) to 100 ml of 
pure water; and specimen given by the example Iwere immersed for 20 hours in this 
solution to be treated with enzyme to give specimens. 

[0028] 

(EXAMPLE 7) 

The specimens given by the example 2 were treated with enzyme in the same manner as 
explained in the example 6 to give other specimens. 

[0029] 

(EXAMPLE 8) 

The specimens given by the example 3 were treated with enzyme in the same manner as 
explained in the example 6 to give other specimens. 

[0030] 

(EXAMPLE 9) 

The specimens given by the example 5 were treated with enzyme in the same manner as 
explained in the example 6 to give other specimens. 

[0031] 

(COMPRAT1VE EXAMPLE 1) 
Acryl resin sheet with 3 mm thickness (brand name: Acrylite EX [transliteration] made 
by Mitsubishi Rayon K.K.) was cut to 5 cm x 5 cm to be used as specimens. 

[0032] 

(COMPRATIVE EXAMPLE 2) 

Polycaprolactone (brand name: Pulakucell H7 [transliteration] made by Dicell Kagaku 
Kogyo K.K.) that is a biodegradable resin was formed in a sheet form with 3 mm 
thickness along by using a hot press molding machine. Thus given sheet was punched 
out to 5 cm x 5 cm to be used as specimens. 

[0033] 

(COMPARATIVE EXAMPLE 3) 
Aliphatic polyester (brand name: Pionole #3010 [transliteration] made by Showa Denko 
K.K.) that is a biodegradable resin used in the example 2 was formed as a sheet with 3 
mm thickness along by using a hot press molding machine. Thus given sheet was 
punched out to 5 cm x 5 cm to be used as specimens. 



[0034] 

(COMPARATIVE EXAMPLE 4) 
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The specimen were prepared in the same manner as explained in the example 1 by using 
hydrophilic silica (brand name: Aerosil 200 made by Nihon Aerosil K.K.) as a 
noncrystalline silica. 

[0035] 

Anti-polluting test that evaluates attachment of marine organisms was implemented in 
the manner explained below. 100 vertical striped barnacles were placed in a beaker 
containing 200 ml of filtered sea water; and specimen of each example and each 
comparative example were immersed, and were left stationary in a dark place at 23°C. 
They were taken out after 72 hours to study the number of vertical striped barnacles that 
were attached and metamorphosed to the specimen to judge attachment inhibition effect. 
The test was repeated for 3 times to seek attachment rate (number of attachments % of 
100 barnacles), and its mean value is shown in the Table. 

[0036] 

In addition, surface contact angle was measured by using contact angle gauge (CA-X 
150 model made by Kyowa Kaimen Kagaku K.K.) that is of 3 points measuring image 
treatment type. Effect of attachment inhibition and results of surface contact angle are 
shown in the Table 1 . 



[0037] 
[Table 1] 





Attachment rate of 
barnacles (%) 


Surface contact angle (°) 


Example 1 


8 


85 


Example 2 


5 


90 


Example 3 


6 


95 


Example 4 


8 


87 


Example 5 


5 


110 


Example 6 


3 


125 


Example 7 


2 


130 


Example 8 


3 


128 


Example 9 


1 


158 


Comparative example 1 


75 


60 


Comparative example 2 


60 


70 


Comparative example 3 


50 


50 


Comparative example 4 


83 


25 



[0038] 

[EFFECTS OF THIS INVENTION] 
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According to this invention's organism attachment inhibitor, by converting the 
surface of biodegradable resin to hydrophobic and further carrying out an enzyme 
treatment, the contact angle against water becomes superbly large; and this prevents 
from attachment of organism and anti-polluting effect is enhanced from the stage of 
initial period. In addition, with gradual degradation of biodegradable resin in sea 
water, it degrades in sea water with even a slight attachment of organism to enable to 
retain always a new hydrophobic surface over a long period of time to maintain anti- 
polluting effect. In addition, as no toxic substance is used, it is safe to human body 
and it can provide anti-polluting effect with no environmental pollution. 

[0039] 

[BRIEF DESCRIPTION OF THE FIGURES] 
[FIGURE 1] 

It illustrates a schematic view that shows contact angle. 

[DESCRIPTION OF CODES] 

6: contact angle 

y s : surface tension of solid 

yi: surface tension of liquid body 

Ysi : interfacial tension of solid and liquid body 

[Figure 1] 

1; liquid body, 2: solid 




Translation requested by: Scott A. Bardell, OIPC 
Translation by: Mie N. Arntson, 512-331-7167 
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